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AbstrAct
Objective To evaluate current nutritional practices during 
and after therapeutic hypothermia (TH) for infants with 
hypoxic-ischaemic encephalopathy (HIE) in UK neonatal 
units.
study design Email survey of neonatal clinicians.
setting UK neonatal units providing active TH.
Patients Neonates cooled for HIE.
Methods Email survey including questions regarding the 
timing of starting enteral feeds, volumes, frequency and 
parenteral nutrition (PN) use and availability of guidelines.
results Forty-nine responses were received (49/69, 
71%). The rate of enteral feeding during TH and rewarming 
was 59% (29/49). There was a significant linear trend 
for the increase in the proportion of units starting enteral 
feeds (p=0.001) during TH. As compared with post-TH 
period, significantly lower milk volumes were started 
during TH (median (range): 7.5 mL/kg/day (1.5–24) vs 
17.5 mL/kg/day (7.5–30), p=0.0004). During TH, breast 
milk was primarily used by 52% of units predominantly as 
2–3 hourly feeds, and volumes were increased as tolerated 
in 55% of units. Only 29% (14/49) of units used PN, with 
86% (12/14) of those offering enteral feeds during PN. 
Guidelines for feeding during TH were available in 31% 
(15/49) of units.
conclusions Many neonatal clinicians offer enteral 
feeds predominantly using expressed breast milk, with 
or without PN, during TH, although with huge variability. 
The heterogeneity in the nutritional practice underscores 
the need for assessing the safety of both enteral and 
parenteral feeding during TH.
IntrOductIOn
Therapeutic hypothermia (TH) is the 
current standard treatment for infants with 
moderate/severe hypoxic-ischaemic enceph-
alopathy (HIE).1 Optimum nutrition for 
these infants during TH has not been clari-
fied. Concerns regarding gut injury in infants 
with HIE exist because of decreased gut blood 
flow during perinatal asphyxia and reperfu-
sion,2 3 intestinal damage in animal models of 
HIE,4 necrotising enterocolitis (NEC) and/
or gastrointestinal bleeding in 0.7%–3.6% of 
cooled infants5–7 increased intestinal echoge-
nicity in 78% of cooled infants,8 and reports 
of cooling-induced splanchnic vasoconstric-
tion worsening gut ischaemia.9 However TH 
may reduce gut inflammation and protect 
against NEC.10 Feeding breast milk during 
TH may improve brain recovery.11–13 Paren-
teral nutrition (PN) may lead to intolerance 
with hypertriglyceridaemia.14 In clinical trials 
of TH, enteral nutrition support was deferred 
until after rewarming, potentially missing the 
benefits of early nutrition.5 15
The TOBY Register handbook recom-
mended introducing enteral feeds cautiously 
after 24 hours of life during TH.16 A survey 
presented in 2014 reported that 21% of UK 
neonatal units offered trophic feeds during 
TH, but lacked data on when milk was intro-
duced, milk type, volumes, frequency and 
advancement of feeds.17 Given reports of the 
safety of small-volume enteral feeds during 
TH,18 we hypothesised that rates of enteral 
What this study adds?
 ► Increasingly, minimal  enteral feeds are offered 
during therapeutic hypothermia for infants with 
hypoxic-ischaemic encephalopathy .
 ► Breast milk is the most commonly used enteral feed, 
with a small proportion of units offering donor milk 
or formula.
 ► There is no consensus regarding type, volume or 
frequency of enteral feeds given, or the provision of 
parenteral nutrition to these patients.
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What is already known on this topic?
 ► Therapeutic hypothermia is the current standard 
treatment for infants with moderate-severe hypoxic-
ischaemic encephalopathy.
 ► The optimum nutrition regimen for these infants has 
not yet been clarified.
 ► Enteral nutrition support was deferred until 
rewarming phase in the clinical trials of therapeutic 
hypothermia.
group.bmj.com on September 6, 2017 - Published by http://bmjpaedsopen.bmj.com/Downloaded from 
2 Hazeldine B, et al. BMJ Paediatrics Open 2017;1:e000022. doi:10.1136/bmjpo-2017-000022
Open Access
Table 1 Demographics of responding units
Baseline characteristics Responders n, (%)
Type of unit
Surgical neonatal intensive care 
unit (NICU)
17 (35%)
Medical NICU 26 (53%)
Local neonatal unit 6 (12%)
Survey method
Telephone 6 (12%)
Email 43 (88%)
Respondents
Consultant 41 (84%)
Registrar on-call 2 (4%)
Nurse in charge 4 (8%)
Research nurse 2 (4%)
feeding would have increased. In this study, we aimed to 
survey clinicians in UK neonatal units providing active 
TH for determining current nutritional practices during 
and after TH in infants with HIE.
MethOds
We conducted a UK-wide email survey of neonatal clini-
cian’s opinions on feeding practices during and post-TH. 
We identified the neonatal units in the UK offering active 
cooling (as opposed to passive cooling postdelivery) from 
the TOBY Register7 and through the British Association 
of Perinatal Medicine network pages. Where there was 
uncertainty as to whether a centre provided TH, we clar-
ified this with the centre directly. As the study sought the 
opinions of healthcare professionals, it did not require 
ethics approval. Data collection occurred between April 
and October 2016.
As no validated questionnaire was available, we devel-
oped a questionnaire (see online supplementary file 
1) asking participants when enteral feeds were started 
(responses: day 1, 2 or 3 of cooling, during rewarming 
and post-rewarming), types of feeds and fluids given 
(responses: expressed breast milk (EBM), donor breast 
milk (DBM), formula milk, PN, clear fluids), starting 
volume (mL/kg/day ranges), frequency of feeds (contin-
uous, hourly, 2–3 hourly, 4–6 hourly or demand) and 
feed advancement (no increase, 24 hourly, 12 hourly, 6 
hourly, every feed, other). Data were collected for days 1, 
2 and 3 of TH, rewarming and post rewarming. We asked 
about feeding in clinical circumstances during TH that 
may pose concerns about initiating feeds, including need 
for inotropic support, severity of HIE and high plasma 
lactate (>2 mmol/L). Space was provided for comments. 
We defined enteral feeds as any milk feed given by mouth 
or gastric tubes. Days 1, 2 and 3 of cooling were defined 
as each consecutive 24-hour period from achieving target 
temperature (33°C–34°C). ‘Therapeutic hypothermia’ 
included days 1, 2 and 3 of cooling. ‘Rewarming’ was 
defined as the period when infants are warmed back to 
normothermia (37+/−0.2°C). ‘Postrewarming’ included 
24 hours post-TH (<24 hours post-TH and >24 hours post-
TH). Nil by mouth (NBM) indicated no enteral feeding.
The questionnaire was piloted among two neonatal 
consultants. Following feedback, we removed questions 
on numbers of intensive care beds and clarified that 
the survey is not pertinent for babies with gastrointes-
tinal concerns. We emailed the questionnaire to lead 
consultants as a Microsoft Word document attachment 
with a covering letter. If no response was received, we 
telephoned the units and completed the survey through 
responses from either the on-call registrar or nurse in 
charge, or sought contact details for the lead neonatol-
ogist for TH or nutrition, who was then approached by 
email.
Our primary outcome was the proportion of units 
starting enteral feeds and/or PN during TH and having 
a guideline for nutrition. Other outcomes included the 
age of starting feeds, volume, type, frequency and rate of 
increase of feeds.
data analysis
We present descriptive statistics as a percentage of units 
undertaking particular practices. We compared our data 
with data available from a survey presented in 2014. We 
assessed the linear trend of enteral feed use during TH 
until the end of rewarming by combining day 2 and day 
3 of cooling together, using the Cochran-Armitage trend 
test with Monte Carlo method to reduce approximation. 
We used Fisher’s exact test to compare the distribution of 
the proportion of units offering enteral feeds during TH 
between 2014 and 2016. Starting milk volumes during 
and post-TH were compared using Mann-Whitney U test. 
All p values were two-sided, and statistical significance was 
defined as p<0.05. We used XLSTAT in Microsoft Excel.
results
We approached all 69 UK neonatal units identified as 
offering active TH. Fifty-seven were neonatal intensive 
care units (NICUs) (including 20 neonatal surgical 
centres), and 12 were local neonatal units (LNUs). 
Forty-nine units responded (response rate of 71%). 
Demographics of respondents are displayed in table 1. 
Not all respondents felt able to answer all sections, partic-
ularly if they felt practice was variable. A lower proportion 
of LNUs responded (6/12, 50%) compared with NICUs 
(43/57, 75%). There was a wide geographical spread of 
responses (see online supplementary table 1).
enteral nutrition initiation
Of the 49 responses, 29 units (59%) reported starting 
enteral feeds during TH and rewarming. Of these, thir-
teen units (13/49, 27%) started feeds on day 1, twelve 
units (12/49, 24%) on day 2 and four units (4/49, 8%) 
started feeds during rewarming. None (0/49, 0%) started 
feeds on day 3 of TH. The proportion of NICUs feeding 
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Figure 1 Comparison of rates of enteral feeding between 
2014 and 2016, with day of commencement of enteral feeds 
for 2016 data. TH, therapeutic hypothermia.
Figure 2 Types of nutrition offered by units during 
therapeutic hypothermia and rewarming. Clear fluids 
represent glucose or sodium chloride infusions either as drug 
infusions or for maintaining hydration. NBM represents no 
enteral feeding given or nil by mouth. DBM, donor breast 
milk; EBM, expressed breast milk; NBM, nil by mouth; PN, 
parenteral nutrition. 
during TH was significantly higher (59%, 29/49 vs 21%, 
9/42) and NICUs not feeding were lower (41%, 20/49 
vs 79%, 33/42) (p=0.0003) than reported in the survey 
presented in 2014 (figure 1).
type of nutrition
All units gave clear intravenous fluids, such as glucose or 
sodium chloride, either as drug infusions or for hydra-
tion. In addition to clear fluids, 31 units offered enteral 
feeds and/or PN. The types of milk and PN are shown in 
figure 2.
types of enteral feeds
Of the 29 units that offered feeds, 15 (52%) used only 
EBM, 3 units (10%) reported using DBM and EBM, while 
11 units (38%) reported that they use formula in addi-
tion to expressed and donor breast milk (figure 2).
Parenteral nutrition
A total of 14 units (14/49, 29%) reported the routine 
use of PN during TH, comprising 12 units (86%) that 
started enteral feeds with PN and two that did not. Eigh-
teen units (18/49, 37%) provided only clear intravenous 
fluids, and neither feeds nor PN during TH (figure 2). 
Twelve units (12/14, 86%) used PN in the first 24 hours 
of TH.
nutrition by day of th and post-th
There was a significant linear trend for an increase in 
the proportion of units starting enteral feeds (p=0.001) 
during TH until the end of rewarming. After rewarming, 
all remaining units introduced enteral feeds (figure 3A).
Feed volumes, frequency and rate of increase
Starting enteral feed volumes
During cooling, the median (range) starting volume 
of enteral feeds was 7.5 mL/kg/day (1.5–24), which 
was significantly lower than units starting feeds post-re-
warming, with a median (range) of 17.5 mL/kg/day 
(7.5–30) (p=0.0004).
Frequency of feeds
Of the 25 units that offered enteral feeds during TH, 
infants were fed 2–3 hourly in most units (17/25, 
68%), hourly fed in 5/25 (20%), 4–6 hourly in 2/25 
(8%) and continuously fed in 1/25 (4%). One unit 
giving enteral feeds during TH stopped feeds during 
rewarming. Demand feeding was more common post-re-
warming, with 11 units (11/49, 22%) offering demand 
feeding >24 hours post-rewarming (figure 3B).
Increase in feed volumes
Of the 29 units that started feeding, 55% (16/29) 
increased feeds as tolerated. Of these, 13 units (45%) 
increased feeds during TH, while 3 (10%) increased 
feeds during rewarming. Thirteen units (13/29, 45%) 
remained on static trophic feed volumes until full 
rewarming. Two units commented that ‘reaching full 
feeds’ during active cooling was possible, although rare. 
Feeds were increased 6–8 hourly post rewarming in 42% 
of units.
special circumstances
Forty-seven units responded to questions regarding 
feeding in certain clinical situations (table 2).
Fifteen units (31%) reported having a guideline 
regarding feeding during therapeutic hypothermia. 
Enteral feeding was variable in at least 29% (14/49) 
based on the clinical condition of the baby, on-service 
consultant and availability of breast milk and feed toler-
ance; although not specifically asked, these responses 
mentioned variability in the free text areas.
dIscussIOn
TH is widely used to improve neurological outcomes 
for neonates with moderate-severe HIE.19 Our survey 
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Figure 3 (A)Percentage of units offering different types of nutrition by day during and post-TH, in addition to clear fluids/
infusions. Once on enteral feeds, use of PN is not displayed for clarity. Enteral feeds may be only ‘trophic feeds’. (B) Frequency 
of enteral feeds given by units by day of treatment. DBM, donor breast milk; EBM, expressed breast milk; NBM, nil by mouth; 
PN, parenteral nutrition; RW, rewarming; TH, therapeutic hypothermia. 
Table 2 Neonatal intensive care units starting enteral feeds 
in certain clinical situations 
Clinical situation Yes n, % No n, %
Receiving inotropes 16/47, 34% 31/47, 66%
Moderate HIE 29/47, 62% 18/47, 38%
Severe HIE 18/47, 38% 29/47, 62%
Raised lactate (>2 mmol/L) 28/47, 60% 19/47, 40%
HIE, hypoxic-ischaemic encephalopathy. 
illustrates widespread variability in the use of enteral 
and parenteral nutrition in these infants. As compared 
with the survey published as an abstract in 2014,17 a 
significantly higher proportion of units started enteral 
feeds during TH. Given there are 69 NICUs that offer 
active TH and Allen et al had contacted only 47 units, 
our response rate of 71% was satisfactory compared with 
their rate of 89%. Traditionally, feeds were often with-
held for a variable period in an attempt to prevent NEC 
following gastrointestinal ischaemia-reperfusion injury 
during HIE.20 We have shown that clinicians are starting 
small feed volumes (median 7.5 mL/kg/day) during 
TH. The proportion of units not offering enteral feeds 
is lower than the previous survey. The effects of not 
offering enteral feeding or maintaining adequate nutri-
tion with PN either on the brain recovery or gut function 
are unknown.
Despite adverse gut effects previously noted with HIE, 
moderate hypothermia has been shown to be gut-protec-
tive following ischaemia-reperfusion,21 22 with a beneficial 
effect of TH on feed tolerance in neonates.23 These reports 
combined with increasing experience in the use of TH, 
low rates of gut complications in cooled infants (0.7%)7 
and reports suggesting the safety of minimal enteral feeds 
during TH18 may have increased confidence in starting 
enteral feeds during TH. Clinicians were starting feeds 
particularly in infants with moderate HIE, with no other 
signs of compromise (ie, need for inotropic support). 
Sixty per cent offer enteral feeds when blood lactate 
is >2 mmol/L. High lactate is reported in cooled infants 
with HIE and NEC.24 The predictive ability of lactate to 
identify gut injury during TH merits investigation.
Breast milk and donor milk reduce the risk of NEC in 
preterm or low-birth-weight infants.25 26 Although infants 
with HIE are at risk of developing NEC, we are not aware 
of data confirming maternal breast milk or DBM being 
protective in this group. However, observational studies 
report an association between the use of formula and NEC 
in the term population.27 It is therefore interesting to 
note that 38% of physicians offering feeds during TH use 
formula milk. Early commencement of any enteral feed 
may increase intestinal oxygen demand, exacerbating 
tissue hypoxia. During the stressful period of separation 
from their infant during TH, parents perceived providing 
breast milk as important in an environment where they 
felt their contribution was small.28
Even short periods of undernutrition particularly in the 
setting of pre-existing brain dysfunction as in HIE might 
result in altered brain development, including synaptic 
structural changes.29 Breast milk constituents such as 
lactoferrin may have an impact on neurodevelopment.13 
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As TH does not completely ameliorate the long-term 
impact of HIE in all infants,30 nutrition, especially the 
use of breast milk, may emerge as a therapeutic adjunct.
Our survey showed that 29% of units routinely start 
PN, and 86% of these do so in the first 24 hours of TH. At 
this stage, the degree of multiorgan dysfunction and elec-
trolyte imbalance may not be fully elucidated and may put 
infants at higher risk of complications such as poor lipid 
tolerance.14 Infants with HIE are fluid-restricted,16 and 
all units reported starting enteral feeds post-TH; the 
volume and duration of PN support are therefore likely 
to be limited. It is therefore difficult to know whether it 
is beneficial to expose infants to PN, especially as we note 
that 86% of units using PN also started enteral feeding. 
The use of PN may, however, help to ameliorate electro-
lyte disturbance, such as hypocalcaemia commonly seen 
during TH.1 5
As this study requested individual neonatologist’s opin-
ions, and only 31% of units had guidelines regarding 
feeding during TH, there may be considerable selection 
bias. Clinicians with a strong preference to feed during 
TH may have been more inclined to respond. As a survey, 
we were also unable to investigate the rate of gut-related 
complications. The perceived rapid increase in the units 
offering feeds during TH over the last 2 years may suggest 
that gut complications have remained low, as otherwise, 
it would seem likely that the practice of offering feeds 
would have been discontinued in these units. As volumes 
of ‘trophic’ feeds were not collected, the exact volumes 
of milk an infant may receive is not known. Majority of 
units did not introduce feeds in a strict ‘mL/kg/day’ 
regimen, making a comparison of feed volumes difficult. 
As the survey requested individual clinician’s intentions, 
we were unable to quantify what proportion of infants 
receives enteral or parenteral nutrition, the duration of 
PN provision or how variable individual practice is on 
surveyed units.
This national survey highlights variability within indi-
vidual units, networks and nationally demonstrating 
considerable clinical equipoise. This variability will 
enable establishing the adverse effects of feeding during 
TH including NEC or intestinal perforation from the 
national and international data sets, if data are collected 
as to the current provision of nutrition in this group. 
There is enough uncertainty to make a randomised trial 
feasible and acceptable, but as rates of gut complications 
in this group are low,5 this would require large-scale 
recruitment. As the range of severity of illness in these 
infants is large, it seems likely that clinicians would have 
strong opinions as to whether or not feeding was suitable 
on an individual patient basis. This difficulty is in keeping 
with those faced when investigating feeding in preterm 
infants, and has been overcome to allow studies of early 
and delayed enteral feeding to be performed. The ques-
tions that need investigating include use of PN versus 
dextrose solution, minimal enteral nutrition versus NBM, 
expressed/donor breast milk versus formula milk, or a 
cluster randomised trial of different nutritional packages 
could be designed. Relevant outcome measures such as 
length of hospital stay, biomarkers of gut dysfunction 
such as plasma intestinal fatty acid binding protein,31 and 
time to full enteral feeds could be considered.
cOnclusIOn
More than half of neonatal units surveyed start enteral 
feeding during TH. There is no consensus regarding 
the type, volume or frequency of enteral feeds given, 
or the provision of PN to these patients. In the setting 
of such variability, there is an urgent need to clarify the 
safety and benefits of the different options available to 
clinicians.
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